BACKGROUND: Providing personalized genetic-risk feedback of a child's susceptibility to adult-onset health conditions is a topic of considerable debate. Family health history (FHH), specifically parental overweight/obesity status, is a useful assessment for evaluating a child's genetic and environmental risk of becoming obese. It is unclear whether such risk information may influence parents' efforts to reduce their child's risk of obesity. PURPOSE: To evaluate whether telling mothers the magnitude of their child's risk of becoming obese based on personal FHH influenced food choices for their young child from a virtual reality-based buffet restaurant. METHODS: Overweight/obese mothers of a child aged 4-5 years who met eligibility criteria (N ¼ 221) were randomly assigned to one of three experimental arms, which emphasized different health information: arm 1, food safety control (Control); arm 2, behavioral-risk information (BRI) alone or arm 3, behavioral-risk information plus personal FHH-based risk assessment (BRI þ FHH). Mothers donned a head-mounted display to be immersed in a virtual restaurant buffet, where they selected virtual food and beverages as a lunch for their child. RESULTS: Mothers who were randomized to BRI þ FHH filled the index child's plate with an average of 45 fewer calories than those in the Control arm (Po0.05); those in the BRI arm filled the plate with 35 fewer calories than the Control arm, a non-significant difference. Calorie restriction was greatest among mothers in the BRI þ FHH arm who received the weaker-risk message (that is, only one overweight parent).
INTRODUCTION
The occurrence of overweight and obesity is increasing among children, beginning at an earlier age and with significant longterm public health impact. An estimated 17% of children are now classified as obese. 1 Furthermore, children who are overweight in early childhood are also more likely to be overweight or obese in later life. For example, evidence from the National Child Health and Human Development Study shows that those who were in the top 20th percentile of body mass index (BMI) at age 6 years were six times more likely to be overweight or obese by age 12 years than children in lower BMI categories. 2 A troubling result of these trends is the growing number of children diagnosed with increased lipid and blood pressure profiles and type 2 diabetes, disorders typically characterized by adult onset. There is widespread agreement that prevention holds the greatest promise for redressing the obesity epidemic. Thus, interventions targeted to early childhood, when eating and activity patterns are being established, will be essential. 3 Heritability of obesity and the family environment There is consistent and growing evidence that genetic 4 and environmental factors contribute to overweight and obesity. 5 Twin studies have shown heritability of body weight to be between 50 and 80%. 4 Ongoing research in animal models and, most recently, genome-wide association studies have identified more than 100 candidate genes associated with obesity. 6 'Obesigenic' family environments that encourage calorie-dense diets and low levels of physical activity also significantly increase the risk of overweight and obesity among children. 7 Potential impact of genomic-based risk information for childhood obesity prevention One forecast advantage of emerging genomic discovery is the future capability to provide individuals with personalized genomic-based risk information. 8 Conceptual models seeking to explain adoption and change of health behaviors suggest that such personalization of risk messages could increase the perceived salience of risk information and in so doing motivate efforts to reduce risk more so than generic-risk messages. 9, 10 For example, stress and coping theory holds that compared with standard-risk information, more personalized genomic-based risk information would be expected to present a stronger threat and prompt a greater stress response that, in turn, should increase efforts to cope. 11 Likewise, communal coping theory suggests that what may make genomic-based risk information especially influential is the inherent interpersonal nature of the information, as it could prompt coping strategies undertaken on behalf of other family members. 12 This may be especially true when parents are aware that preventive actions taken could benefit their children's health. Risk information processing theories 9 suggest that such personalized risk information could engage parents in 'systematic processing', that is, greater attention to and increased effort to understand information. This 'systematic processing' is posited to prompt greater commitment to act on the information.
Family health history (FHH) information based on parents' weight status could be a useful risk assessment that reflects both genetic and environmental contributors to child's risk of overweight and obesity. 13 Evidence consistently shows that a child's lifetime risk of becoming overweight or obese increases incrementally with the number of biological parents who are overweight or obese. 14, 15 Moreover, maternal weight appears to be especially important in children's weight trajectories due in part to mothers' primary role in child care and feeding. 16, 17 There is theoretical support for the notion that FHH-based risk messages about a child's risk for obesity will be particularly motivating to parents. However, to our knowledge, the only research that has evaluated obesity-related risk information based on one's own genetics 18 or a child's BMI 19 did not directly test the above assertion or include behavioral outcome measures.
Challenges of conveying personalized genomic-risk information about children Providing personalized genetic-risk feedback via genetic susceptibility testing to children for adult-onset conditions is a topic of considerable debate. Pediatric guidelines are consistent in recommending against such approaches. 20 Critics assert that increasing parents' awareness of a child's genetic vulnerability to traits or health conditions such as obesity might increase their concerns about child health in ways that prompt ineffective or problematic parenting practices. In the case of eating behaviors, these negative practices might include being overly restrictive of their child's food choices. 21 Such controlling behaviors (for example, overly restricting desired foods or using them as rewards) could override the child's own internal signals of satiety in ways that unintentionally reinforce the child's tendency to eat in the absence of hunger. 22 In this way, parents' efforts to reduce their child's obesity risk, could, if taken too far, backfire and actually increase the child's risk of overeating and becoming obese.
To date, studies evaluating genetic-risk feedback provided to parents and children have focused on families at high risk for conditions such as heart disease 23 and cancer. 24 These studies have focused solely on psychological responses to such feedback generally showing no association with enduring negative psychological outcomes such as anxiety or depression for parents or children. 25 Current clinical guidelines do recommend that pediatricians routinely assess FHH of obesity-related health conditions. 26 In addition, initial research suggests that hypothetical FHH information may prompt the same level of concern about children's health as risk information based on genetic susceptibility testing. 27 However, no studies have explored the impact that this information has on parenting behaviors related to children's health habits.
To this end, we conducted a randomized experimental trial in which we evaluated whether telling mothers about the magnitude of their child's risk of becoming obese based on personal FHH of overweight/obesity was associated with the food choices mothers made for their young child using a virtual reality-based buffet restaurant. We hypothesized that mothers who received FHHbased risk assessment and behavioral-risk information would fill a plate with fewer total calories than those who received no obesityrisk information; and those who received behavioral-risk information alone would fill a plate with fewer total calories than mothers who received no obesity information.
MATERIALS AND METHODS

Study population
The target population for the study was overweight and obese mothers of 4-5-year-old children. Specifically, eligible mothers: (1) were X aged 18 years; (2) had a self-reported height and weight that indicated a BMI X25; (3) had a biological child between the ages of 4 and 5 years, inclusively living in the same household at least 1 day out of the past 30 days, without major food allergies or diet-related health conditions, developmental delays or disabilities; (4) could report that child's FHH of overweight/ obesity and (5) had the ability to read and write in English. Women were excluded if they reported a past or current history of eating or seizure disorders, strong propensity for motion sickness, were pregnant, had uncorrected poor vision or hearing, or were employees of the National Human Genome Research Institute.
Mothers were selected because of the influence they exert over their children's eating. Overweight and obese mothers were targeted to insure that the index child had at least one biological parent on which a high-risk message could be based. The selection of a narrow age range for the index child was to enhance the credibility of the experimental scenario in which mothers would be instructed to fill a plate for a young child who presumably would be unable to serve his or her own food.
Mothers were recruited from the local Washington DC metropolitan area, using flyers posted or distributed in schools, day cares and related locations, postings on web forums, listservs and through word-of-mouth. Mothers were compensated $100 for their participation.
Design
Mothers were randomly assigned to one of three experimental arms: arm 1, Food safety (Control); arm 2, behavioral-risk information alone (BRI) or arm 3, behavioral-risk information plus personal FHH-based obesity-risk assessment (BRI þ FHH). Random assignment was blocked on the index child's BMI status (underweight or average weight, versus overweight or obese). The index child did not directly take part in any research activities.
Procedures
As depicted in Figure 1 , prospective participants were screened for eligibility over the telephone by a member of the study team. During the screening call, participants who were deemed eligible were asked to identify an index son or daughter (using inclusion criteria described above), and to refer to this child in answering questions and completing study tasks. Eligible mothers were sent login information via e-mail and asked to visit an encrypted study website to give consent and complete pretest questionnaires. The pretest questionnaires assessed the child's height and weight, perceptions of the index child's risk for becoming obese and mothers' beliefs about causes of obesity. Following completion of the online questionnaires, participants were scheduled to come to the National Institutes of Health Clinical Center to complete the experimental phase of the study.
The in-person portion of the study took B90 min. Mothers were told that the study was exploring the impact of health information on choices that mothers make about food for their children, and that using a virtual reality model of a buffet enabled a naturalistic research setting.
Mothers were first introduced to the virtual buffet scenario for a practice session. In this session, mothers were given only one food and beverage option (that is, Spaghettios in tomato sauce and fruit punch). Mothers were instructed to choose as much virtual food and drink during one trip to the buffet as they would normally choose for a lunch for their child at a buffetstyle restaurant. This practice session provided a baseline assessment to evaluate individuals' inclinations toward portion sizes prior to provision of risk information. After completing the practice session, mothers viewed an arm-specific computer-based informational module and completed a postinformation questionnaire.
Mothers then entered the virtual buffet environment a second time to complete the main task. Mothers were instructed that the new task was to create a lunch meal for their index child filling a plate with choices from a new and larger set of food options (described below). Mothers could choose as many and as much of the virtual food and beverages as they wanted during one trip to the buffet. They were instructed to choose food they thought their child would eat. Mothers also were able to choose from several possible beverages and condiments. Mothers used a pointing device to select the food for the plate (that is each click selected one spoonful, or one piece), the condiments and beverage. After completing the virtual buffet scenario, mothers completed post-test questionnaires and were debriefed about the purpose of the study. They also had the option to take resources for further information about childhood obesity risk and the importance of FHH.
Information modules
The information modules provided in each of the experimental arms were developed at a 5th grade reading level. An overview of the content of the sessions and corresponding number of informational slides is provided in Table 1 . Briefly, the Control module included causes of food-borne illness and provided specific tips for enhancing food safety for children. The BRI module focused on the role of lifestyle in the development of obesity, the health risks associated with obesity and specific tips on how to develop healthy eating and exercise patterns. The BRI þ FHH duplicated the BRI module content and included additional information about the role heredity has in obesity risk, and the mechanisms through which genes might influence obesity. Mothers in the BRI þ FHH arm were provided with a population level absolute and relative risk of the index child's likelihood of becoming an obese adult based on whether the child had one or two overweight/obese parents. Information about parents' weight status was reported by mothers, and assessed in the study screening and the online pretest questionnaire. Mothers assigned to this condition were presented with icon arrays, 28 showing the numbers of children who would become obese based on the level of risk indicated by the index child's FHH of obesity. The FHH-risk estimate was drawn from figures reported by Magarey et al., 15 indicating that with 0 overweight/obese parents yielded 13% chance, 1 parent yielded 28% chance and both parents yielded 58% chance of being obese. On the basis of these estimates, an icon array (see Figure 2 ) was constructed to illustrate that a child who had one overweight/obese parent was at approximately double the risk of becoming overweight/obese compared with a child with no overweight/ obese parents, and a child with two overweight/obese parents was at quadruple the risk compared with a child with no overweight/obese parents.
Immersive virtual environment technology and the virtual buffet
The virtual buffet scenario was staged in a digital immersive virtual environment. Mothers donned a head-mounted display to be immersed in a three-dimensional digital restaurant buffet environment (see Figure 3) . Although in the virtual environment, mothers could interact with the elements of a buffet restaurant using natural physical body movements (for example, walking and pointing). Previous research has shown immersive virtual environment simulations to be very compelling and to elicit realistic psychological responses. 29 Using the virtual buffet scenario offers several advantages over commonly used hypothetical vignettes or food photographs. Immersive virtual environment use enabled direct observation of mothers' behaviors as well as detailed assessments of food portioning.
Foods included in the buffet were selected to meet the following criteria: (1) palatable to children; (2) range of nutrient and calorie density and (3) readily translated into calories by volume or weight. The buffet contained at least two options for each food category that would typically be present at lunch (main dish, vegetable, fruit, starch, dessert, condiments and beverages). To ensure a range of nutrient and calorie density, we based food choices on NHLBI's evidence-based heuristic developed for the Coordinated Approach to Child Health study. This heuristic defines three categories of foods: 'Go' foods, 'Slow' foods and 'Whoa' foods using estimated calorie requirements to recommend how much of these foods to eat to maintain energy balance. 30 Foods included in the buffet were: grilled chicken strips, macaroni and cheese, cheese pizza bagels, breaded chicken nuggets, peas, steamed baby carrots, green beans, corn, white rice, tater tots, orange slices, grapes, apple sauce, brownies and vanilla pudding. Drinks included were: water, diet and regular soda, milk (skim, 2% and whole), lemonade, 100% apple juice and 100% orange juice. Condiments included were: ketchup, BBQ sauce and butter.
Behavioral outcomes: calculation of calories from virtual food Calorie content of the food selected for the plate was calculated based on the cubic volume of food chosen. The number of calories associated with food volume was determined using information contained in USDA food nutrient databases and on food packaging for brand-name items (for example, tater tots). In addition, we created variables for: grams of fat in foods chosen; number of processed foods selected, selecting dessert (yes versus no) or selecting a sweetened versus unsweetened beverage.
Self-report measures
We assessed three subscales of the Child Feeding Questionnaire, a validated instrument created by Birch and colleagues 31 prior to the buffet Child's obesity risk on mothers' food choices CM McBride et al experience. The subscales assessed mothers' perceived responsibility for feeding the index child (for example, how often are you responsible for deciding what your child's portion sizes are?), her attitudes about restricting the index child's food intake (for example, I have to be sure that my child does not eat too many sweets) and her concern about the child's weight (for example, how concerned are you about your child eating too much when you are not around?). Each subscale had good reliability in this sample (respectively, Cronbach's a ¼ 0.88, 0.73, 0.75). As part of the post-buffet survey, questions were included to assess mothers' experience of the virtual buffet, including the extent to which she felt involved in the world (rated on 5-point scale-not at all to extremely), how realistic the buffet seemed, how difficult it was to use the pointing device to select serving sizes and whether the food on the buffet was the same kind of food their child typically ate (all rated on a 7-point scale-not at all to completely).
Data analysis
Socio-demographics and attitudes toward food restriction were crosstabulated by experimental arm to verify that randomization balanced the groups on factors associated with study outcomes. Differences between experimental arms were tested using analysis of covariance for continuous variables and logistic regression for categorical variables. We compared plated calories, fat content, processed foods, dessert choice and sweetened beverage choice for each of the three experimental arms to the others using planned contrasts. These analyses controlled for the index child's current weight status, the variable on which randomization was blocked and the plated calories from the practice session to reduce variability in the dependent variable. We also included mother's BMI and child's gender as additional covariates in the models.
RESULTS
Characteristics of mothers and index children by experimental arm A total of 281 mothers completed the pretest survey. Of these, 232 completed the virtual buffet activity. Eleven mothers who participated in piloting the BRI þ FHH arm were omitted from the analyses. The final analyses included 221 mothers. There were no differences in mothers' demographic characteristics by arm. Mothers were on average 38 years old with a BMI of 30; 75% were college educated. Forty-five percent were white and 76% had more than one child; 62% reported that the index child had two overweight/obese parents. Mothers tended to report moderate restriction of their child's eating habits (mean ¼ 3.55; s.d. ¼ 0.76 on a 5-point scale). Mothers also perceived FHH to be an important contributor to obesity (mean ¼ 6.3; s.d. ¼ 1.07 on a 7-point scale). Similarly, there were no differences by arm in the characteristics of the index child. The index child had an average BMI of 17, 38% were overweight/obese and 45% were male.
Immersion in the virtual buffet Mothers rated themselves to be highly involved in the virtual buffet scenario (mean 4.12 on a 5-point scale, s.d. ¼ 0.88) and viewed the virtual buffet as highly realistic (mean ¼ 5.5 on a 7-point scale; s.d. ¼ 1.41). These mothers also reported that they were able to select the amount of food they intended (mean ¼ 6.3 on a 7-point scale, s.d. ¼ 1.08). There were no differences by arm in the level of perceived realism of the world or the ease of portioning foods for the plate.
Food choices by experimental arm As shown in Table 2 , multivariate analyses partially support our initial hypotheses for plated calories. Mothers in the BRI þ FHH arm filled the index child's plate with 45 fewer calories than those in the Control arm (Po0.05). Mothers who were randomized to the BRI arm filled their child's plate with an average of 35 fewer calories than mothers randomized to the Control arm. However, this difference was not statistically significant. There were no differences by experimental arm in grams of fat, selection of processed foods, desserts or sweetened beverages (results not shown).
Effect of risk message dose on plated calories Multivariate analyses adjusting for covariates showed that among the BRI þ FHH arm, restriction of calories was most pronounced among mothers who received the weaker-risk message (based on having one biological parent who was overweight/obese) as compared with those receiving the stronger-risk message (based on two overweight/obese parents). Mothers receiving the risk message based on one versus two overweight/obese parents averaged 78 and 35 fewer calories than the Control arm, respectively. None of the other covariates in the model were significant predictors of plated calories among mothers in the BRI þ FHH arm.
We also explored whether this calorie differential was specific to the BRI þ FHH arm or might be an artifact of having two overweight/obese biological parents. The arm by number of overweight parents interaction was not significant (P ¼ 0.27). We considered whether this effect was specific to plated calories or present for the selection of a sweetened beverage (yes versus no). The significant association of increased plated calories and sweetened beverages with having two overweight/obese biological parents was only observed in the BRI þ FHH arm (see Table 3 ).
DISCUSSION
Providing FHH-based risk assessment to mothers about their young child was associated with greater calorie restriction, but only when the risk information was based on only the mothers' overweight status. Mothers who were told that their child was at fourfold increased risk based on having two overweight/obese parents did not engage in calorie restriction. Thus, our hypotheses were only partially confirmed. According to our conceptual rationale, the stronger-risk message associated with having two overweight/obese parents should have engaged more systematic processing by mothers and induced greater communal coping, thereby increasing mothers' effort to reduce the child's risk. It is possible that receiving feedback of such a substantial increase in risk associated with having two overweight/obese parents overwhelmed mothers' perceptions that her actions would reduce the child's risk. Mothers may have felt that any efforts they took to restrict eating would either be insufficient to reduce their child's risk or would be undermined by the actions of the biological father. Frosch et al. 18 found that undergraduates who were asked to imagine receiving feedback of being at high risk of becoming overweight based on a genetic test perceived significantly less behavioral control than those who were told they were at average risk. 18 Unfortunately, we cannot evaluate the extent to which this occurred, as we did not assess preto post-test changes in self-or response efficacy.
In contrast, mothers who were solely responsible for their child's increased obesity risk did behave as we hypothesized. It appears that framing the child's risk as a direct result of mother's weight status and the implicit responsibility conveyed in this information prompted communal coping efforts in the form of calorie restriction. This outcome also may relate to the effects of the intervention message on mothers' feelings of guilt or self-blame that will be explored in a future report.
Taken together, these results suggest that some caution should be exercised in providing parents with children's risk feedback Child's obesity risk on mothers' food choices CM McBride et al based on FHH assessments. For many common health conditions such as heart disease and type 2 diabetes, having a related FHH will convey sizable increases in risk. 32, 33 Thus, these risk communications may be perceived to hold high threat. 10 As such, FHH-based risk communications probably will best be coupled with efforts to increase parent's perceptions that efforts can be undertaken to reduce risk, and that these efforts will be effective. In addition, parents will also need to have the requisite behavioral skills to reduce their child's risk. Consideration of risk communication approaches also will be important for conveying FHH generally, that is, even when the child is not the focus. FHH risk is unique in that it conveys risk information that relates to more than one family member, and as such likely will need to consider broader communication within the family system to effectively reduce risk. 12 Compared to those in the Control group, the calorie restriction observed among mothers who received the weaker FHH-risk message for the child, where the intervention was most influential, was on average about 78 calories. This level of restriction could be significant in lowering a child's risk of overweight and obesity. Indeed, among young children, the 'energy gap' (that is, imbalance between energy intake and expenditure) that promotes childhood obesity may be as small as B30 calories per day. 34 It is noteworthy that the average BMI of 17 for the index children was at the 85th percentile of age-recommended BMI, and thus associated with moderate risk of becoming obese. 35 Therefore, calorie restriction for these children in particular could have been advantageous. Whether, alternatively, this level of restriction could be harmful is unclear. However, mothers did not limit fat content, avoid desserts or avoid processed foods. These behaviors would be indicative of labeling some foods to be 'off limits', which could backfire and make these foods more attractive to children.
As in any study, there were limitations that should be considered in interpreting these results. First, the sample was relatively well educated. The sample size for the subgroup analyses was limited. However, results of this study suggest that FHH-based risk messages should be evaluated for their potential to add value to weight gain prevention interventions for young families.
